Urban lawns provide space for recreation in cities, and they are an important part of urban green 11 infrastructures. However, most lawns are intensively managed. As only few plant species can survive 12 the frequent mowing, urban lawns typically harbor only a limited number of plant species. To 13 improve the biodiversity of urban lawns, it is often suggested to reduce the mowing frequency. Here, 14
Introduction 26
During the last 40 years, the movement of people towards cities greatly accelerated, and currently 27 more than half of the global population lives in urban areas (UNFPA, 2019) . Consequently, cities 28 occupy more and more space, and urbanization has become a major threat to biodiversity worldwide 29 (Maxwell, Fuller, Brooks, & Watson, 2016) . At the same time, many people living in large cities have 30 lost direct contact to non-urban natural landscapes, and they experience nature mainly through 31 urban green infrastructure like parks, public lawns or private gardens. Such green urban spaces are 32 extremely important for human well-being, and their quantity closely correlates with the quality of 33 life in cities and the health of their inhabitants (Parker & Simpson, 2018 Replacing part of the standard lawns by more diverse grasslands is thus a possibility for benefiting 55 both people and nature (Klaus, 2013) . 56
The high mowing frequency is a key factor limiting species diversity in urban grasslands 57 (Rudolph et al., 2017) . Less frequent mowing is thus a potential measure to increase plant diversity of 58 lawns. Additional species can be sown or planted (Fischer, Lippe, Rillig, & Kowarik, 2013; Mårtensson, 59 2017) . Alternatively, if no extra sowing or planting is done, the number of species can increase by 60 means of natural succession, although this may take several decades, and the success of this 61 approach depends on the availability of seeds in the seed bank and the proximity of diaspore sources In this study, we focused on the medium-term effects of reduced mowing frequency on the 67 plant diversity of urban grasslands in Tübingen, a city of some 80 000 inhabitants, surrounded by 68 forests, species-rich calcareous grasslands and agricultural fields. In 2010, students of the University 69
Tübingen established the so-called "Bunte Wiese" (Colorful Meadow) initiative that campaigns for a 70 reduction in mowing frequency of urban grasslands to support biodiversity. Such "Colorful 71
Meadows" are mown only once or twice per year, and small parts of the meadow are left unmown to 72 provide shelter for overwintering insects (Unterweger, Klammer, Unger, & Betz, 2018) . We compared 73 the plant diversity of grasslands within the "Colorful Meadow" program, which experienced around 74 six years of reduced mowing, with that of adjacent lawns mown usually 6-12 times per season. We 75 expected that the reduced mowing frequency should (1) affect the species composition of the 76 5 grasslands, (2) increase their plant species richness, (3) increase beta diversity by reducing the 77 homogenization of vegetation both within and between grasslands, and (4) reduce species 78 dominance and increase evenness within plant communities. 79 80 Methods 81
In spring 2016, we selected 17 grasslands managed under the "Colorful Meadow" regime. Nearby 82 each "Colorful Meadow", we selected a grassland of similar size that was mown with the standard 83 frequency of 6-12 times per year. Below, we refer to these two grassland types as meadows and 84 lawns, respectively ( Figure 1 ). All grasslands were intensively managed prior to the start of the 85 Colorful Meadow project. The sizes of lawns and meadows were similar, on average 875 m 2 (range 86 226-3376 m 2 ) and 1037 m 2 (range 259-3504 m 2 ), respectively, with borders defined by natural 87 barriers, e.g. paths, hedges, roads or buildings. In each grassland, we randomly placed five 1 m 2 plots 88 in which we recorded all vascular plant species and estimated their cover following the modified 89
Braun-Blanquet scale (der Maarel, 1979) . For subsequent analyses, the cover estimates were then 90 transformed to mean percentage cover values. Using multiple small plots instead of one large plot 91 allowed us to estimate both the heterogeneity within a grassland, based on the differences between 92 the plots, and characterize the whole grassland based on all five plots together. 93
We analyzed the data in a hierarchical fashion, from plot-level analyses of species evenness to 94 grassland-level metrics and their relationships across all grasslands within the city. For plot-level 95 analyses, we used species cover per plot, and for grassland-level analyses, we averaged the cover of 96 each species across all five plots within a grassland, effectively merging the five plots into one relevé. 97 To obtain indicator species values, we used the square-root transformed cover values to calculate 105 the 'fidelity' and 'specificity' of species to meadows and lawns. Fidelity is defined as the frequency of 106 a species in a given group of grasslands, and specificity is then defined as the summed cover values of 107 a species in a given vegetation type divided by the summed cover values of all grasslands, i.e. how 108 exclusively a species occurs in a given vegetation type. The indicator value of a species for a given 109 grassland type is defined as 110
. 111
The significance of the indicator values was tested with a permutation test (N = 4999 permutations) 112 as implemented in the indicspecies package. 113
We predicted that lawns would be species-poorer than meadows and that frequent mowing 114 would cause homogenization both within and between grasslands. To test this, we related the 115 number of species per grassland to the mowing regime in a linear model. Further, we calculated for 116 each grassland the average Bray-Curtis dissimilarity between the given grassland and all other 117 grasslands with the same mowing regime, as well as between plots within the same grassland. In the 118 next step, we used linear models to relate these two dissimilarities to the mowing regime. All 119 grassland-level models also included the size of the grassland as a covariate. Finally, to get some 120 insight into vegetation structure within a plot, we calculated the evenness as the Shannon diversity 121 index divided by the logarithm of the number of species, with high evenness indicating that the 122 species in a community tend to have equal cover values, and low evenness indicating very unequal 123 cover, often with dominance of few species and most others subordinate. We used linear mixed 124 models to relate evenness to mowing regime, with mowing regime as fixed factor and, to account for 125 plots nested within grasslands, with grassland as a random factor. All models assumed normal 126 distribution of residuals, and we graphically evaluated that these assumptions were met. 127
128
Results

129
Across all grasslands, we recorded 116 herbaceous plant species, 103 of these were found in the 130 meadows, but only 52 in the lawns. Thirty-nine plant species occurred in both meadows and lawns, 131 while 69 and 13 species were unique to meadows and lawns, respectively. The species composition 132 of lawns differed from that of meadows. In the DCA, grasslands with different mowing regime were 133 clearly separated along the first DCA axis (Figure 2 Species richness was higher in meadows than in lawns, with an average of 24.8 versus 17.1 141 species per grassland, respectively ( Figure 4A , Table 1 ). Among grasslands within the city, lawns were 142 more similar to each other than meadows, and also plots within one grassland were more similar to 143 each other in lawns than in meadows ( Figure 4B , C, Table 1 ). Finally, we found that the vegetation 144 composition of meadows was significantly more even than that of lawns ( Figure 4D , Table 1) Frequent mowing restricts plant diversity in urban lawns to only few species that are able to 156 tolerate repeated defoliation and disturbance, i.e. Bellis perennis, Glechoma hederacea, Lolium 157 perenne, Plantago major, Prunella vulgaris or Trifolium repens ( Figure 3A , Table S1 ). These species 158 were present in the majority of the lawns in our study, and it is thus not surprising that lawn 159 vegetation was rather homogenous and relatively similar to each other across the city (Figure 3B diversity was mainly driven by species that were relatively rare in our data, growing at one or few 197 meadows. Consequently, each meadow partly hosted a set of rather unique species (Table S1) We have shown that reduced mowing frequency of urban lawns are apparent already within a few 218 years after the management change. The resulting urban meadows harbor more plant species and 219 have a less homogenous vegetation composition both within and between grasslands. While 220 frequently-mown lawns are dominated by a few common, low-growing species, reduced 221 management supports both ruderal species as well as tall-growing grasses and herbs characteristic 222 for semi-natural meadows. As the species pool in cities is inevitably limited, land managers may 223 consider sowing species from certified regional seed sources to newly created urban meadows to 224 support regional biodiversity ( dissimilarity between grasslands, (C) dissimilarity between plots within one grassland, and (D) 387 evenness within plots. Significant differences are indicated by asterisks, see Table 1 . 388
